The decisive role of magnetic anisotropy even in systems with small anisotropy is illustrated for the honeycomb-layered antiferromagnets A 3 Ni 2 SbO 6 with A = Li and Na. Both systems evolve long range magnetic order below T N = 14 and 16.5 K, respectively. The magnetic phase diagrams obtained from static magnetisation studies up to 15 T imply competing antiferromagnetic phases and a tricritical point at T N . The phase boundaries are visible in the dynamic response of the antiferromagnetic resonance modes, too, which investigation by means of high frequency/high field electron spin resonance enables precise determination of magnetic anisotropy. The anisotropy gap amounts to ∆ = 360 ± 2 GHz in Na 3 Ni 2 SbO 6 while in Li 3 Ni 2 SbO 6 orthorhombicity is associated with ∆ = 198 ± 4 and 218 ± 4 GHz. Above T N , the data imply short-range antiferromagnetic order up to at least 80 K. The data suggest a crucial role of anisotropy for selecting the actual spin structure at B = 0 T.
Introduction
Spin systems realised on layered honeycomb lattices exhibit a variety of quantum ground states which nature is determined by nearest and next nearest neighbour magnetic interactions. The resulting ground states may be, e.g., Néel-, zigzag-, stripe-, and different spiral-type or show spin gaps. [1, 2, 3, 4, 5] .
While geometric frustration may further affect the ground state spin configuration including the complete suppression of long-range magnetic order, also the spin size is crucial: while in the spin-1/2 case the particular spiral ground state [6, 7] can be selected by quantum fluctuations, the spin-3/2 system can show robust nematic order [8] . Magnetic anisotropy may also play a decisive role. [6, 9] Honeycomb lattices of A 3 Ni 2 SbO 6 hosting Ni 2+ -ions with S = 1 provide further insight into this class of layered spin systems. Here, we present the magnetic phase diagrams obtained from static magnetisation, specific heat, and thermal expansion studies up to 15 T as well as investigations of the antiferromagnetic (AFM) resonance modes by means of high frequency/high field electron spin resonance. Our analysis of the data shows that magnetocrystalline anisotropy can play a decisive role in determining the magnetic properties of the materials.
Experiment
Polycrystalline A 3 Ni 2 SbO 6 was prepared by conventional solid state synthesis as reported previously. [10] For the measurements the sample was pressed into a pellet with an diameter of ∼ 3 mm. Magnetisation in static magnetic fields up to 5 T was studied by means of a Quantum Design MPMS-XL5 SQUID magnetometer and in fields up to 15 T in a home-built vibrating sample magnetometer (VSM) [11] . HF-ESR measurements were performed on a pressed pellet 
Results and Discussion
The magnetic field effect on both the static magnetic susceptibility χ = M/B
and its derivative ∂(χT )/∂T , in the vicinity of T N , is shown in Fig The presence of a phase boundary between two antiferromagnetic phases is evident when the magnetic susceptibility ∂M (B)/∂B, at T = 6 K, is considered (see Fig. 2 ). The data, at 6 K, suggest three different phases separated by phase transitions at B C1 ≈ 6.7 T and B C2 ≈ 13.9 T, marked by black triangles.
The anomaly at B C1 appears as a broad peak in ∂M/∂B. In contrast, B C2 is associated with a kink in the magnetic susceptibility. At T = 4.2 K, B C2 is above the field range accessible by our experiment. Upon moderate heating, B C1 is only slightly affected while B C2 is considerably suppressed. Though the anomalies are much broader at high magnetic field, the magnetic susceptibility is reminiscent to the one of Na 3 Ni 2 SbO 6 (Fig. 2b) . The magnetisation data enable constructing the magnetic phase diagram in Fig. 3a . There are three antiferromagnetic phases which are separated by the phase boundaries B C1 (T ) and B C2 (T ). As shown above, there is only one distinct anomaly at B = 1 T which suggests tricritical points at finite magnetic field as shown in Fig. 3a .
Please note larger error bars associated with the anomalies at 2 T ≤ B ≤ 6 T which is indicated by the dashed phase boundaries.
The phase diagram presented in Fig. 3a significantly differs from the recently published one on the same compound in Ref. [16] . It also differs from the related material Na 3 Ni 2 SbO 6 (see Fig. 3b ) where the AF2 phase extends to B = 0 T, yielding a tricritical point at T N . [15] While, the upper critical fields B sat indicating complete suppression of antiferromagnetic spin order is similar in both compounds. This implies similar antiferromagnetic exchange interactions which is corroborated by previously published DFT calculations as well as similar Weiss temperatures. [16] The spin configuration in the AF1 ground state of Li 3 Ni 2 SbO 6 comprises is shown in Fig. 4 . The AF1 spin configuration can be described by means of a two-sublattice mean field model [14] with uniaxial anisotropy. Fitting the resonances by such model gives the solid lines in Fig. 4 . Our analysis yields the anisotropy gaps ∆ = 360 ± 2 GHz in Na 3 Ni 2 SbO 6 as well as ∆ = 198 ± 4 and 218
the exchange field B E and the anisotropy field B A , we obtain B A = 1.1 and
T in Li 3
Ni 2 SbO 6 and 2.9 T in Na 3 Ni 2 SbO 6 . Anisotropy in Na 3 Ni 2 SbO 6 is more than two times stronger than in Li 3 Ni 2 SbO 6 which agrees to the observed values of B C1 in both systems (see Fig. 3 ).
Conclusions
On the first glance, magnetic phase diagrams in A 3 Ni 2 SbO 6 (A = Li,Na) seem to be very similar which is consistent to nearly identical magnetic exchange interactions found by DFT calculations on both systems. [16] However, as shown in Fig. 3 , the phase boundaries are clearly different around T N . This difference might originate from a different nature of the AF2 phases in both materials. In Na 3 Ni 2 SbO 6 , AF2 is not a spin-flop phase as can be seen from the significant difference of B C1 and the expected spin-flop field. In addition, there are pronounced structural changes and a sign change of the magnetostriction coefficient at B C1 which further exclude a bare spin-flop scenario. [15] In contrast, B C1 of Li 3 Ni 2 SbO 6 agrees to the spin flop field expected from analysing the ESR phase diagram. Furthermore, the resonance branch ω 3 is well described in terms of the spin-flop mode (see Fig. 4a ). We also note, that the phase boundary B C1 (T ) shows very small slope for Li 3 Ni 2 SbO 6 which is typical of a spin-flop transition while in Na 3 Ni 2 SbO 6 there is a strong temperature depen-dence yielding a tricritical point at T N . In Li 3 Ni 2 SbO 6 , in the vicinity of T N , i.e., at T = 14 K, B = 3 T is required to stabilize the AF3 phase (not AF2). We conclude that, in Na 3 Ni 2 SbO 6 , there are nearly degenerated spin configurations AF1 and AF2 at T N while there is a more conventional spin-flop-like phase in Li 3 Ni 2 SbO 6 which is energetically well separated from AF1.
In summary, we have presented the phase diagrams of the quasi-two dimensional honeycomb-layered A 3 Ni 2 SbO 6 (A=Li,Na). While both systems evolve long range magnetic order, Na 3 Ni 2 SbO 6 shows a tricritical point at T N and the field-induced AF2 phase is not a bare spin-flop phase. Smaller anisotropy, i.e., B A = 1.1 and 1.4 T as compared to 2.9 T, somehow counter-intuitively results in a rather typical spin-flop-like phase AF2 in Li 3 Ni 2 SbO 6 . We conclude a crucial role of anisotropy for selecting the actual spin structure at B = 0 T and for the competition of the three spin ordered phases.
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